BACKGROUND/OBJECTIVES: Several factors affect the mental performance of children. The importance that parents attribute to food-related determinants, compared with genetic, socio-economic and school environment, was investigated. SUBJECTS/METHODS: Parents of school children (aged 4-11) were recruited through state primary schools in four European countries. Interviews were conducted in which participants were asked to sort 18 cards representing possible determinants of four elements of mental performance (attention, learning, mood and behaviour) according to perceived strength of effect. Determinants were identified from the literature and grouped in six categories: food-related, school environment, physical, social, psychological and biological. Effects were scored: 0 ¼ none; 1 ¼ moderate; and 2 ¼ strong. Views were compared between and within countries. RESULTS: Two hundred parents took part (England: 53; Germany: 45; Hungary: 52; Spain: 50). Differences existed between countries in the proportions reporting university education and being in employment. Taking all countries together, parents consider the food category (mean 1.33) to have a lower impact on a child's mental performance than physical (activity and sleep, 1.77), psychological (mood and behaviour, 1.69) and school environment (1.57). Social (1.12) and biological (0.91) determinants were ranked lower than food. Of determinants in the food category, parents thought regularity of meals had more influence on mental performance (1.58) than what a child eats now (1.36), food at school (1.35), nutrition as a baby/infant (1.02). CONCLUSION: Scope exists to improve parental awareness of the repercussions of their dietary choices for the mental performance of their children.
INTRODUCTION
Nutrition is one of several factors affecting the cognitive development and mental performance of children; other possible influences include genetics, socio-economic background and educational environment. 1 Children need a varied diet with good nutritional content for optimal cognitive development and functioning. [2] [3] [4] [5] In early years, a child's nutrition is largely determined by the home environment. Parents' choices affect the provision of food [6] [7] [8] so their beliefs, views and behaviours are important. 9 Although parental perceptions and awareness of the impact of diet on physical health is an important public health issue, little attention has been devoted to exploring parents' views about the relationship between nutrition and children's mental performance. 3 Qualitative interviews with parents of primary school children undertaken previously by the authors confirm that parents believed that diet affects the mental performance, as well as the physical health and wellbeing, of children. 10 The findings from further interviews with a new sample of parents of primary school children are reported in the current paper. This subsequent study aimed to investigate how important parents think food is as an influence on mental performance, compared with other possible relevant factors, such as home background and the school environment. It also explored parents' views about the importance of four different food-related behaviours on mental performance. The study was conducted in four culturally diverse European countries and focussed on children aged 4-10 years, because beyond that age range parental influence over diet and nutrition of their children is likely to diminish.
MATERIALS AND METHODS
The study design and details were agreed between the international research teams through several face-to-face meetings and intervening e-mail exchanges. Ethical approval was gained in all countries according to local procedures.
Participants' views about the relative importance of food, compared with other possible influences on mental performance of children, were collected using a sorting experiment. 11 Parents were asked to sort cards representing 18 possible determinants of mental performance according to whether they thought each determinant had a strong, moderate or no effect on each of four different elements of mental performance. There are many different dimensions to cognitive functioning, and interactions between them are complex. 12 Only four elements (attention, learning, mood and behaviour) were selected for use in the experiment, to reduce respondent burden and to try and ensure engagement during the administration of the whole experiment.
Conceptual framework
Basing the sorting experiment on concepts that were meaningful to respondents was considered important, so selection of the elements of mental performance was informed by findings from previous qualitative interviews with parents of primary school children in the study countries. These had shown that, of all the different dimensions of mental performance, parents related most to 'attention' and 'concentration'. In addition, many respondents expressed the view that food affected a child's attention and concentration indirectly through its impact on mood and behaviour. 10 These findings were consistent with other research investigating the rationale underlying parents' food choices, [13] [14] [15] which also identifies the importance that parents place on learning as a construct in mental performance. 14, 15 Moreover, teachers have been found to highlight behaviour, including attentiveness, as a key factor affecting cognitive and academic performance. 16 Eighteen possible determinants of the four selected elements of mental performance were identified from relevant social science, psychological and nutrition literature. These were grouped for analysis into six higher level categories of determinants, as summarised in Table 1 . This schema provided a structural framework for the experiment.
Activity (or exercise) and sleep (or its corollary-tiredness) are established influences on mental performance 17 and were incorporated in the physical category. Class size, teaching quality and classroom discipline affect the school environment. 18 A complex array of family factors, including access to material resources (affecting nutrition and food security) and social status, potentially influence mental performance and school achievement. 8, [19] [20] [21] These were represented in a social category by four determinants: birth order; household income; parental education; and stimulation at home. Biological influences on mental performance were identified as arising from inherited genetic predisposition, overall intelligence (cognitive abilities across a range of different aspects 22 present at birth) and birth weight, because low birth weight has been associated with a negative effect on cognition. 23 The food category contained four determinants: nutrition as a baby, to reflect the role of breast milk 24 and other nutrients 1 in brain development, and the debate about the impact of breastfeeding on IQ of children; 25, 26 what the child eats now, to reflect the importance of current nutrition on mental performance of school children; 3, [27] [28] [29] [30] [31] [32] food at school, because school meals have been observed to have an impact on pupil behaviour 33 and performance; 21 and regular meals, because of the impact on mental energy of skipping meals such as breakfast. 5, 22, [34] [35] [36] [37] Although mood and behaviour had been identified as elements of mental performance in their own rights, the evidence pointing to the links between food and mood 38, 39 and between nutrition and behaviour 33 meant that mood and behaviour were also included as determinants of the other two elements (attention and learning) in the psychological category.
Recruitment of schools and participants
Letters explaining the study were sent to the head teachers of state primary schools (children aged 4-11years) in districts with varied socioeconomic population profiles around the research sites in 2009. Of 78 schools contacted (22 England; 32 Germany; 18 Hungary; and 6 Spain), 12 agreed to participate (2, 5, 4 and 1, respectively). Two semi-private schools were subsequently recruited in Spain to complete the sample.
Letters about the study were distributed to parents via the children. Parents were asked to volunteer to participate by returning a brief screening questionnaire that asked for information on their age (o30, 30-39, X40 years), gender, ethnicity, highest level of education, employment status, children (number, age and gender) and relationship to the school pupil. Participation was encouraged by entering the names of all volunteers into a prize draw in each country for vouchers at a local store. Parents were eligible for inclusion if they had a child aged 4-10 years and could speak the native language, and excluded if they had a child with special educational needs or a diagnosed medical or behavioural condition. The recruitment target was 50 parents per country, reflecting available resources, and to generate a sufficiently large sample overall to gain an understanding of differences between countries and socioeconomic groups. 40 
Data collection
Four packs of cards, colour-coded for each of the four elements (attention, learning, mood and behaviour) were prepared. The packs for attention and learning contained cards for all 18 possible determinants; those for mood and behaviour omitted the possible psychological determinants (mood and behaviour) and contained 16 cards. The study was pilot tested in England, and cards were then translated into the other languages and back translated and tested in each country to ensure the terminology was appropriately understood.
Best practice sorting experiment methodology was followed. 41 Cards were the same size and clearly printed. Interviews were conducted at a large desk, clear of other papers and took place in the schools at a time arranged between the interviewer and volunteer. Participants were given a large card with one of the elements of mental performance printed on it, for example, attention, and a brief explanation of the term ( Table 1) . The pack of cards containing the possible determinants for that element was then put on the table, and participants were asked to sort through the cards and consider each determinant in relation to the others (rather than one at a time), and to show how much of an effect they thought each had on the element of mental performance by placing the card in one of three boxes labelled: no effect, moderate effect and strong effect. When the participant had completed the sorting, the interviewer collected the cards from the boxes and recorded the decisions onto a form. The exercise was then repeated for each of the other three elements of mental performance. The order in which the four elements were presented was determined by a prior randomisation process using a Latin Square in blocks of four, and was noted so that the analysis could check for ordering effects.
Analysis
Data from each country were entered into SPSS (version 15; SPSS Inc, Chicago, IL, USA) for analysis. Scores were attributed to responses (0, no effect; 1, moderate effect; and 2, strong effect) and mean scores for each determinant were calculated in each country. Mean scores for categories of determinants (indicating the extent to which participants thought each category affected each element of mental performance) were calculated from the mean scores of the relevant determinants for each country separately and for all countries together. Mean category scores were compared using one way analysis of variance and associated 95% confidence intervals to establish relative importance of categories for each element of mental performance. Associations between participant Parents' views on food and mental performance H Gage et al characteristics and mean category scores were explored using unpaired (two-sided) t-tests and Spearman's Rank correlation tests. Significance was set at Po0.05. Further analysis was conducted on the food category. Mean scores for each of the four determinants in the food category were compared using one way analysis of variance and associated 95% confidence intervals to establish relative importance of each determinant for each element of mental performance. Table 2 ).
RESULTS

Characteristics of the sample
Perceived effect of categories of determinants on mental performance Taking all countries together, parents consider the food category (mean 1.33) to have a lower impact on a child's mental performance than physical (that is, activity and sleep, 1.77), psychological (that is, mood and behaviour, 1.69) and school environment (1.57) determinants. Social (1.12) and biological (0.91) determinants were ranked lower than food. This ranking holds for each element of mental performance separately, although mean scores vary significantly between elements for each category of determinants except psychological and food (Table 3 ). This ranking of categories is largely maintained within each country, with a few exceptions (data not shown). No statistically significant association was found between the order in which elements were assigned and the responses of parents.
Associations between participant characteristics and views about the effect of categories of determinants on mental performance Taking all countries together, no statistically significant associations were found between parents' age, education, employment status or number of children and their views about the effect of the food or social categories on elements of mental performance. However, participants who were educated beyond the age of 16 years, compared with those with less education, thought the physical and psychological categories had a lower effect, and the biological category a larger effect, on mental performance. Those in paid employment, compared with those that were not, thought that the physical category had a smaller effect and the social category had a larger effect (data not shown).
Perceived effect of determinants of food category on mental performance Across all countries, participants considered that regularity of meals (mean 1.58) had more influence on mental performance than the other determinants in the food category, and nutrition as a baby/infant was the least important influence (1.02). What a child eats now and food at school were rated in between (1.36, 1.35 respectively) ( Table 4) .
Differences exist between countries regarding the views of participants about the importance of food determinants on elements of mental performance. There is a tendency for participants from Spain to think that regularity of meals has less effect, and early nutrition has a higher effect, on mental performance compared with participants in the other countries. Respondents in England tend to attribute more importance to 
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what the child eats now and food at school than the respondents in Germany, Hungary and Spain (Table 4) . Within each country, there is a tendency for participants to perceive that determinants have similar effects on each element of mental performance. There are a few exceptions: in Spain, nutrition as a baby tends to be rated more highly for its effect on behaviour compared with the other elements of mental performance; in Germany and (marginally) Hungary, food at school is considered to be a more important influence on attention and learning than on mood and behaviour; in Hungary, regular meals are considered to have a relatively large effect on attention and relatively small effect on behavior; and in Spain the perceived effect of regular meals is reversed. Scoring: 0, no effect; 1, moderate effect; 2, strong effect.
a One way ANOVA, analysis of variance.
Parents' views on food and mental performance H Gage et al DISCUSSION This study investigated the perception of parents in four different European countries about the relative importance of six categories of determinants on mental performance of primary school children. The study particularly sought to identify the role parents attribute to nutrition and eating behaviour to inform the design and targeting of public health messages that seek to improve parental understanding of the importance of diet for the mental performance of their children. Across all countries, the food category was rated as having a low moderate effect (mean 1.33), ahead of social and biological influences, which were rated lowest, and behind physical, psychological and school environment categories, which were deemed to be the most important influences on mental performance. Previous research has indeed highlighted the prevalence of suboptimal sleep in school-aged children and the association of quantity and quality of sleep with measures of cognitive ability and school performance. 42 There is also increasing evidence for an association between physical activity, cardiovascular fitness and cognitive function during childhood and adolescence. 43 Parents also rated the psychological factors of mood and behaviour more highly than food. Parents had previously reported the effects of food on mental performance as being mediated by effects on mood, 10 and this perception is supported by research findings. 44 Of the food determinants, parents identified regularity of meals as a more important influence on mental performance than the current composition of a child's diet and food at school. Nutrition as a baby or infant was considered the least important. In previous research, parents have highlighted the need for children to have a constant supply of energy to ensure adequate mental performance. 10 Children's diets were perceived to be the source of this energy. Other studies have provided evidence that a regular supply of food ensures less fluctuation in blood sugar levels, which has in turn supported mental state and performance during the school day. 34, 45 Other evidence suggests that socio-economic differences exist in parental lay knowledge about food, and that higher income parents discuss food in relation to health and medical issues, whereas lower income parents tend to consider the impact of food on their child's outward appearance and functional capacity. 46 However, respondent characteristics were not found to be associated with the rating of the importance of the food category, or individual food determinants, in this study, implying a need to communicate messages to all parents, rather than targeting particular groups. The issue of the effect of nutrition on mental performance is complex and concerns have been expressed about a lack of robust evidence to support causal links. 47 Research into the effect of nutrition on the mental performance of children faces many challenges, 12, 22, [48] [49] [50] and uncertainties in knowledge need to be communicated to parents. This survey of parents was conducted rigorously and in accordance with procedures agreed through regular contact between partners in each country. An inspection of the standard deviations of the mean difference between subjects' food and other category rankings revealed a maximum of 0.48 (foodbiological). With our sample of 200, this indicates an ability to detect an underlying difference of 0.1 in mean difference of rankings of food against any other category, using a two-sided test with size ¼ 5%, and a power of at least 83%.
However, the study is limited in several ways. The four countries provide geographical spread across Europe, and international differences in parental views about how determinants affect elements of mental performance were observed. The extent to which this variation reflects differences in cultural, social, political and health-care system features requires further investigation, so policies can be tailored to local circumstances. The recruitment process involved securing the cooperation of schools, so that participants could be identified from the parent body. Many schools declined the invitation, possibly due to the extra administration associated with the project. However, schools recruited reflected socio-economically diverse catchment areas, and it is unlikely that the low participation rate introduced bias. Those volunteering within schools may have been influenced by the incentive of entry into a prize draw, and the views of this group may not be representative of all parents.
Mental performance was represented in the study by four elements (attention, learning, mood and behaviour), which may not be generally regarded as those most central to cognitive functioning. 12, 22 Mood is an affective state that impacts on cognitive functioning, rather than being a cognitive function in its own right. 4, 51 Including attention (which when sustained becomes concentration) had the advantage of covering (by implication) more complex abilities, which it underpins, such as memory. The choice of elements was pragmatic, driven by findings from prior qualitative interviews, which suggested that parents could understand these concepts, in what is otherwise a technical area. 10 Piloting of the sorting experiment suggested that asking respondents to consider more than four elements would be too burdensome and result in biases arising from repetition of the task.
The choice of determinants based on the literature may not be comprehensive or reflective of the most robust evidence. Determinants that were identified were combined into categories pragmatically following discussion between researchers. A principal components analysis performed retrospectively produced no obvious groupings of possible determinants into factors, suggesting that each should be considered separately. The food category incorporated four elements related to behaviours that parents were able to relate to, rather than nutritional content of food, around which uncertainties of effect arise. In depth analysis of the components of the food category is included in this paper but further consideration of the other categories is warranted.
Parents have difficulty conceptualising what is meant by mental performance but were able in this study to rate the importance of varied determinants on attention, learning, mood and behaviour of children. In general, nutrition and dietary behaviours were considered less important than sleep, exercise and the school environment for attention and learning. Public health policy tends to focus on the importance of childhood nutrition for physical health, and scope exists to improve parental awareness of the repercussions of their dietary choices for the mental performance of their children. This may require both clarification of the existing evidence base about the links between nutrition and mental performance and further research into the most effective means of communicating messages to parents.
